1. Introduction {#s0005}
===============

Adolescent use of electronic vapor products (EVPs), including e-cigarettes, e-cigars, e-pipes, vape pipes, vaping pens, e-hookahs, and hookah pens, has increased significantly since 2011 in the United States ([@b0100]). Following alcohol use, EVP use is currently the second most common form of youth substance use ([@b0140]). Data from the National Youth Tobacco Survey (NYTS) show that from 2017 to 2018, e-cigarette use increased 78% among high school students and 48% among middle school students ([@b0075]). The recent increase in nicotine vaping translates to an additional 1.3 million adolescents who vaped in 2018 compared to 2017 ([@b0135]) and has been declared a public health epidemic among youth by the Surgeon General ([@b0210]).

Multiple longitudinal studies have demonstrated that e-cigarette use among adolescents is associated with combustible cigarette initiation ([@b0025], [@b0120], [@b0195], [@b0220]). EVP use may also promote initiation of other substances such as alcohol ([@b0080], [@b0215]), marijuana ([@b0015], [@b0080], [@b0215]), and prescription drugs ([@b0080]). Moreover, [@b0180] found significantly higher concentrations of volatile organic compound toxicants in urine secretion when compared with controls. Research on the long-term health effects of toxicants from flavorings, humectants, and nicotine when delivered as an aerosol are limited, but there is rising concern about the health impacts among youth who begin using EVPs at an early age ([@b0150]).

Youth who report initiating tobacco use via e-cigarettes are significantly younger than those who initiate through other combustible tobacco products ([@b0020]). Research has shown that early initiation of a range of tobacco products has an important impact on tobacco use behaviors including daily use and cravings ([@b0185]). Earlier age of onset of EVPs is also concerning because the adolescent brain is still developing and is highly sensitive to the addictive properties of nicotine ([@b0105], [@b0205]).

Prevention programs targeting youth in late childhood and early adolescence provide greater opportunity to delay substance use ([@b0155]). While numerous studies have investigated factors associated with EVP use among adolescents ([@b0170]), few studies have investigated factors associated with initiation of EVPs at an early age. One study using data from the NYTS found that Hispanic and non-Hispanic black youth initiated e-cigarette use at a younger age than white youth ([@b0185]). Another longitudinal study of secondary school students found that being female, having ever used other tobacco products, and having a high e-cigarette susceptibility score predicted early initiation of e-cigarettes ([@b0030]). A third cross-sectional study with high school students found that self-regulation and behavioral impulsivity were associated with an earlier age of e-cigarette onset ([@b0035]).

Despite these findings, there is a need for research exploring a wider range of risk factors associated with early initiation of EVPs, particularly among young adolescents. One underexplored risk factor is exposure to adverse childhood experiences (ACEs). ACEs are defined as childhood exposures to maltreatment and an array of household dysfunctions such as witnessing intimate partner violence and living with someone with a mental illness ([@b0095]). Previous research with adults and older adolescents has demonstrated that exposure to childhood trauma is associated with tobacco use ([@b0010], [@b0125], [@b0145], [@b0165], [@b0190]) as well as early initiation of alcohol and other drug use ([@b0065], [@b0085], [@b0090], [@b0110], [@b0160], [@b0175]). However, to our knowledge, studies have not explored the relationship between childhood trauma and early initiation of EVPs in younger samples of adolescents.

Using a population-based sample of 5464 middle school students, we explored whether cumulative ACE exposure is associated with initiation of EVPs before age 11, controlling for a range of sociodemographic characteristics including sex, age, race/ethnicity, rurality, qualification for free-reduced lunch, and living in a military family.

2. Methods {#s0010}
==========

2.1. Participants and procedures {#s0015}
--------------------------------

Nationally, the Youth Risk Behavior Survey (YRBS) is conducted with high school students on a bi-annual basis to monitor health risk behaviors. A few states also choose to conduct a modified middle school survey ([@b0040]). In 2017, the Nevada Middle School YRBS was conducted in all middle schools statewide. A random cluster sampling procedure was used to select a representative sample of 6th through 8th grade students in regular public, charter, and alternative middle schools. First, we grouped all school districts into 8 regions, which align with the statewide prevention coalition structure. Next, we randomly sampled intact classes of either all second period or required English classes from each school based on the sample size required for each region. Active or passive parental permission was obtained for all students, depending on school district policy. After parental permission was obtained, the questionnaire was administered to all students in randomly selected classes (February to May 2017). Students could choose not to participate and could skip any questions they did not feel comfortable answering. Of the 120 middle schools in the state, 113 (94.2%) agreed to participate and 5464 youth completed the questionnaire resulting in an overall response rate (a combination of school and student participation) of 65.8% ([@b0115]). Data were weighted based on the sex, race/ethnicity, and grade level of students in each region to control for any non-response at the regional level. The study was approved by the institutional review board at the University of Nevada, Reno and local school district institutional review board approval was obtained when required.

2.2. Measures {#s0020}
-------------

### 2.2.1. ACEs {#s0025}

The 2017 Middle School YRBS survey included six lifetime ACE questions that were modified from the Behavioral Risk Factor Surveillance System (BRFSS) ACE module ([@b0045]). The lifetime ACE measures included: (1) physical abuse, (2) verbal abuse, (3) forced sex, (4) household domestic violence, (5) household mental illness, and (6) household substance abuse. All ACE measures were dichotomized as yes versus no, except verbal which was coded as "yes" if it occurred sometimes, most of the time, or always. An ACE score was developed by summing the six ACE questions (range 0--6) to represent cumulative exposure to ACEs. A small percentage of youth reported 4 or more ACEs (6.4%) so the highest ACE category used for analyses was 3 or more. This is also consistent with previous research ([@b0070]).

### 2.2.2. EVP use {#s0030}

Before students completed the EVP questions, instructions indicated that EVPs include e-cigarettes, e-cigars, e-pipes, vape pipes, vaping pens, e-hookahs, and hookah pens. Examples of specific EVPs were also given for each question. Lifetime use was determined by asking students, "Have you ever used an electronic vapor product?" (yes vs. no). Early initiation of e-vapor products (the primary outcome variable) was assessed by asking the students "How old were you when you first tried an electronic vapor product?" Students who reported ever trying an e-vapor product before age 11 were categorized as "yes" and all other responses were categorized as "no" as recommended for the middle school YRBS by the Centers for Disease Control and Prevention ([@b0060]). Current use among those who initiated early was assessed with the following question: "During the past 30 days, on how many days did you use an electronic vapor product?" (0, 1 or 2, 3 to 5, 6 to 9, 10 to 19, 20 to 29, and all 30 days).

### 2.2.3. Covariates {#s0035}

Demographic characteristics included sex, age, race/ethnicity, county of residence, receipt of free or reduced lunch, and military family. Race/ethnicity was grouped into four categories: Hispanic, non-Hispanic white, non-Hispanic black, and non-Hispanic other (American Indian/Alaska Native, Asian, and Native Hawaiian or other Pacific Islander). County of residence was coded as urban (50,000 or more people) or rural (\<50,000 people) using the Census Bureau's classification of urban and rural counties ([@b0200]). Qualification for free or reduced lunch was used as a proxy for family income (yes vs. no). Military family involvement was assessed by asking students whether a parent or adult in the home was serving on active duty in the military (yes vs. no).

2.3. Statistical analysis {#s0040}
-------------------------

The weighted chi-square test was used to assess factors associated with early initiation of EVPs. Weighted logistic regression was used to evaluate the relationship between cumulative ACE exposure and early initiation of EVPs, while controlling for sex, age, race/ethnicity, county of residence, free or reduced lunch qualification, and military family. Adjusted odds ratios (AOR) and 95% confidence intervals (CI) were calculated. To account for the complex sampling design, all weighted analyses accounted for the cluster (classrooms) and stratum (region). Pairwise analyses were used to account for missing data which was assumed to be missing at random and minimal for all variables (\<4%) except early initiation of EVPs (6.2%) and military household (6.5%). SAS version 9.4 (SAS Institute, Cary, NC) was used for all analyses.

3. Results {#s0045}
==========

The descriptive characteristics of the sample are presented in [Table 1](#t0005){ref-type="table"}. About half of the participants were male and 12 years or younger. Self-reported race/ethnicity included Hispanic (43.5%), non-Hispanic white (31.8%), non-Hispanic black (10.9%), and non-Hispanic other (13.9%). Rural counties accounted for 9.3% of the study sample, 42.9% qualified for free or reduced lunch, and 7.1% lived with an adult on active duty in the military. Almost one quarter of students had been exposed to two or more ACEs. Nearly, 1 in 5 middle school students (18.6%) reported ever using EVPs and 5.1% started using EVPs before age 11. Among early initiators, 40.2% reported EVP use in the past 30 days with 13.7% vaping 6 days or more (data not shown in table).Table 1Characteristics of a representative sample of middle school students, 2017 Middle School YRBS.**Characteristics\#(%)**[a](#tblfn1){ref-type="table-fn"}Total Sample5464[b](#tblfn100){ref-type="table-fn"}  **Sex**Female2825 (49.09)Male2614 (50.91)  **Age**11 years old or younger713 (16.91)12 years old1616 (30.31)13 years old1975 (34.02)14 years old or older1153 (18.76)  **Race/ethnicity**Hispanic2162 (43.50)Non-Hispanic black285 (10.86)Non-Hispanic other831 (13.88)Non-Hispanic white2014 (31.76)  **County of residence**Rural1785 (9.34)Urban3679 (90.66)  **Qualify for free or reduced lunch**Yes1995 (42.86)No3401 (57.14)  **Military family**Yes367 (7.10)No4739 (92.90)  **Physical Abuse**Yes677 (12.85)No4708 (87.15)  **Verbal Abuse**Yes1457 (27.25)No3884 (72.75)  **Sexual Abuse**Yes211 (3.87)No5169 (96.13)  **Domestic Violence**Yes787 (15.12)No4596 (84.88)  **Household Mental Illness**Yes1049 (19.57)No4212 (80.43)  **Household Substance Use**Yes1125 (21.13)No4130 (78.87)  **ACE Score**0 ACEs2878 (52.59)1 ACE1218 (23.36)2 ACEs630 (11.97)3--6 ACEs665 (12.08)  **Lifetime EVP use**Yes1020 (18.56)No4043 (81.44)  **Initiate EVP use before age 11**Yes271 (5.05)No4855 (94.95)[^1][^2]

[Table 2](#t0010){ref-type="table"} shows the unadjusted and adjusted relationship between demographics, cumulative ACE exposure, and early initiation of EVPs. In the fully adjusted model, the odds of early initiation of EVPs was elevated among Hispanic students compared to non-Hispanic white students (AOR = 1.89; 95% CI = 1.27--2.83), students residing in a rural county versus an urban county (AOR = 1.48; 95% CI = 1.02--2.14), and students living with a parent or another adult serving on active duty in the military (AOR = 1.72; 95% CI = 1.05--2.82). A graded relationship between the number of ACEs and early initiation of EVPs was also observed: 1 ACE (AOR = 1.60; 95% CI = 0.99--2.59), 2 ACEs (AOR = 2.29; 95% CI = 1.33--3.93), and 3--6 ACEs (AOR = 3.43, 95% CI = 2.20--5.36).Table 2Factors associated with early initiation of electronic vapor products among middle school students, 2017 Middle School YRBS.CharacteristicsEarly Initiation EVPs (before 11 yrs)pEarly Initiation of EVPs (before 11 yrs)YesNo\# (%)[a](#tblfn2){ref-type="table-fn"}\# (%)[a](#tblfn2){ref-type="table-fn"}AOR (95% CI)[b](#tblfn3){ref-type="table-fn"}  **Sex**Female120 (4.52)2529 (95.48)0.1840.77 (0.55--1.07)Male149 (5.49)2305 (94.51)Ref  **Age**11 years old or younger40 (6.00)616 (94.00)0.0641.42 (0.89--2.26)12 years old90 (5.95)1418 (94.05)1.12 (0.71--1.77)13 years old85 (3.75)1778 (96.25)0.71 (0.45--1.12)14 years old or older56 (5.12)1037 (94.88)Ref  **Race/ethnicity**Hispanic127 (6.33)1897 (93.67)**0.0291.89 (1.27**--**2.83)**Non-Hispanic black11 (3.52)252 (96.48)0.95 (0.41--2.22)Non-Hispanic other41 (4.98)743 (95.02)1.55 (0.99--2.43)Non-Hispanic white82 (3.82)1821 (96.18)Ref  **County of residence**Rural98 (6.39)1578 (93.61)0.119**1.48 (1.02**--**2.14)**Urban173 (4.91)3277 (95.09)Ref  **Qualify for free or reduced lunch**Yes128 (5.93)1745 (94.07)**0.048**1.16 (0.83--1.62)No142 (4.48)3064 (95.52)Ref  **Military family**Yes27 (8.66)312 (91.34)**0.0071.72 (1.05**--**2.82)**No216 (4.64)4256 (95.36)Ref  **ACE Score**0 ACEs86 (3.23)2607 (96.77)**\<0.0001**Ref1 ACE70 (5.92)1075 (94.08)1.60 (0.99--2.59)2 ACEs50 (7.07)553 (92.93)**2.29 (1.33**--**3.93)**3--6 ACEs63 (9.47)568 (90.53)**3.43 (2.20**--**5.36)**[^3][^4][^5][^6]

4. Discussion {#s0050}
=============

In our study of middle school students, 5.1% initiated EVP use before age 11, which is typically before the transition to a secondary school. Furthermore, 40.2% of early initiators reported EVP use in the past 30 days and many could be considered regular EVP users versus experimenters ([@b0005]). Understanding the factors that contribute to early initiation of EVPs is critical to guide prevention efforts. We found a strong, graded relationship between cumulative ACE exposure and early initiation. To our knowledge, this is the first study to investigate the influence of ACEs on early initiation of EVPs, but our findings are consistent with published studies focusing on older adolescents and adults investigating the relationship between ACEs and tobacco use ([@b0010], [@b0165], [@b0190]).

While we were not able to ascertain the mechanism tying ACE exposure to early initiation of EVPs, other research has shown that youth with high exposure to ACEs were more likely to report that they initiated substance use to cope with problems ([@b0175]). Screening for ACEs in school may be an effective way to identify children who are at-risk for early initiation of EVPs. Our findings also suggest that EVP prevention efforts during early adolescence should be tailored for youth who are Hispanic, living in rural settings, and from military families.

4.1. Limitations and strengths {#s0055}
------------------------------

Our findings should be interpreted in consideration of the following limitations. First, youth may not remember when they first used EVPs and utilizing the same self-report instrument to measure ACEs and EVP initiation may result in dependent misclassification of the exposure and outcome. Future research using records of abuse from child protective services could minimize dependent error. Second, the ACE variables assessed lifetime exposure and we do not know the frequency of abuse or household dysfunction. Furthermore, parental incarceration is a strong risk factor for tobacco use ([@b0010], [@b0165]), but we did not have this ACE measure available. Third, while we were able to characterize the amount of recent EVP use among early initiators our lifetime EVP use measure did not allow us differentiate between experimentation and regular use. It is possible that some youth initiated early, but only used one or two times. Fourth, residual confounding may be present as a number of potentially confounding variables were not measured such as parental education, parental EVP use, and child conduct problems. Fifth, the study design was cross-sectional, hindering the ability to establish temporality. Finally, this study was conducted in a western state with limited tobacco control policies ([@b0130]) and the results may not generalize to other states. Despite these limitations there are a number of study strengths, including a large representative sample of middle school students, examination of cumulative exposure to abuse and household dysfunction, and the ability to assess initiation of EVPs at a very early age.

5. Conclusions {#s0060}
==============

We found a strong, graded relationship between cumulative ACE exposure and early initiation of EVPs. Integrating trauma-informed interventions into the educational system may promote healing and possibly prevent early initiation of EVPs.
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[^1]: Weighted row percent.

[^2]: Missing data: sex (0.46%), age (0.13%), race/ethnicity (3.14%), county of residence (0%), qualify for free or reduced lunch (1.24%), military family (6.55%), physical abuse (1.44%), verbal abuse (2.25%), sexual abuse (1.54%), domestic violence (1.48%), household mental illness (3.71%), household substance use (3.82%), ACE score (1.34%), lifetime EVP use (7.34%), initiate EVP use before age 11 (6.18%).

[^3]: AOR = Adjusted Odds Ratio.

[^4]: 95% CI = 95% Confidence Interval.

[^5]: Weighted row percent.

[^6]: Among those with complete data for all variables N = 4,565 (83.55%).
